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Introduction

Concentrations of nitrogen dioxide (NO,) in ambient air are determined indirectly by photometricaly
measuring the light intendty, a wavdengths grester than 600 nm, resulting from the chemiluminescent
reaction of nitric oxide (NO) with ozone (O3). NO, isfirst quantitatively reduced to NO by a
converter. The NO, which commonly exigts in associaion with NO,, passes through the converter
unchanged, resulting in atotal nitrogen oxides (NOy) concentration of NO plus NO,. A portion of the
ambient air is a0 reacted with O; without having passed through the converter, and the NO
concentration is measured. This vaue is subtracted from the NOy concentration yielding the
concentration of NO..

The NO and the NO plus NO, measurements may be made either concurrently with adua channdl
detection system or cyclicdly with asingle channd system aslong asthe cycle timeis not greater than 1
minute.

The U.S. Environmenta Protection Agency (EPA) reference method for the determination of nitrogen
dioxide in the atmosphere (EPA 1997¢) and the technica assstance document (TAD) for this method
(Ellis 1976) were used extengvely for the method description. The EPA quality assurance requirements
for sate and local air monitoring stations (EPA 1994b) was used in the development of effective qudity
assurance procedures.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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Method Highlights

In this quality assurance guidance document for the NO, reference method, the procedures are
designed to serve as guiddines for the development of agency qudity assurance programs. Because
recordkeeping isacritica part of quality assurance activities, severd dataformsareincluded to ad in
the documentation of necessary data. Partidly filled-in forms are interspersed throughout the text of the
method description to illustrate their uses. Activity matrices at the end of pertinent sections can be used
for quick review of the materid covered in the text sections. Following is a brief summary of the
materid covered in this NO, method description.

1. Procurement of Equipment

Section 1.0 gives the specifications, criteria, and design features of the equipment and materia required
for the operation and quaity assurance of a chemiluminescent NOy andyzer. The sdlection of the
correct equipment and suppliesis a prerequisite to a quality assurance program. This section is
designed to provide aguide for the procurement and initia check of equipment and supplies.

2. Calibration of Equipment

Section 2.0 provides procedures and forms to be used in selecting and checking calibration equipment,
performing a multipoint calibration, and evauating cdibration data. Sections 2.1, 2.2, and 2.3 primarily
address minimum acceptable requirements for equipment and standards to be used in the generation of
NO, concentrations. Detailed procedures for the acceptance of gas-phase titration (GPT) cdibrators
are aso given. Section 2.4 provides a step-by-step description of the recommended calibration
procedures for a chemiluminescent NOy andlyzer dong with example caculations. The dataform
(Figure 2.2 of Section 2.4.2) isto be used for documenting cdibration data. The primary eement of
qudity contral is dynamic insrument cdibration.

3. Operation and Procedure

Section 3.0 outlines the protocol to be followed by the operator during each site visit. Checks should
include visud inspection of the shelter, sample introduction system, andyzer, and recorder. In addition,
anayzer performance checks congisting of zero, span, and precision points are to be made. To provide
for documentation and accountability of activities, a checklist smilar to the example provided in

Figure 3.1 of Section 3.0 should be compiled and then filled out by the field operator as each activity is
completed. Anayzer Level 1 zero and span checks must be carried out at least once every 2 weeks.
Leve 2 zero and span checks should be conducted in between the Level | checks at a frequency
desired by the user. Span concentrations for both levels should be between 70 and 90% of the
measurement range. A one-point precision check is to be done every 2 weeks at an NO, concentration
between 0.08 and 0.10 ppm. Data forms similar to Figures 3.2 and 3.3 of Section 3.0 areto be used in
documenting the andyzer performance checks. An essentid part of the quality assurance programisa
scheduled series of checksfor the purpose of verifying the operationa status of the monitoring system.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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4. Data Reduction

Section 4.0 describes procedures to be used for editing of strip charts and for manua data reduction.
Data collected on gtrip charts serve no useful function until converted into meaningful units (parts per
million [ppm] or micrograms per cubic meter [g/m?]) by hourly averaging and gpplication of a cali-
bration relationship. These data must then be transcribed into aformat that is gppropriate for input into
EPA's Aerometric Information Retrieval System Air Qudity System (AIRS AQS). Information about
the format is contained in the AIRS user's guide for air quality data coding (EPA 1995). Updates about
the format may be found on the AIRS World Wide Web site (www.epagov/ttv/airs).

5. Maintenance

Section 5.0 addresses recordkeeping and scheduled activities pertinent to preventive and corrective
maintenance. An example operation checklist and maintenance record appearsin Figure 3.1 of
Section 3.0. Preventive and corrective maintenance are necessary to minimize loss of air quality data
due to andyzer mafunctions and out-of-control conditions.

6. Assessment of Data for Accuracy and Precision

Section 6.0 discusses system and performance audits dong with audit procedures and forms. Accuracy
of datais assessed by performing an independent audit.

Multipoint performance audits used to assess the accuracy of the data collection are discussed in
Section 6.1. Examples of an audit summary form and audit caculation forms are presented in Figures
6.1 through 6.3. A data reduction audit is discussed in Section 6.2, and a systems audit in Section 6.3.
Figure 6.4 presents an example checklist that may be used by the auditor.

Section 7.0 describes the techniques for assessment of monitoring data for accuracy and precision.

7. Reference Information

Section 8.0 discusses the traceability of measurements to established standards of higher accuracy, a
necessary prerequisite for obtaining accurate data.

Section 9.0 contains pertinent references.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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1.0 Procurement of Equipment and Supplies

The measurement of NO, in ambient air requires basic sampling equipment and other supplies. These
include, but are not limited to, the following:

1. Chemiluminescent NOy andyzer conforming to EPA specifications (see Section 1.1 for aWorld
Wide Web address for obtaining an up-to-date list of anayzers)

2. Strip chart recorder or data acquigition system (DAS)

3. Sampling lines

4. Sampling menifold

5. Cdibration equipment

6. Nationd Ingtitute of Standards and Technology Standard Reference Materid® (N1ST-SRM)
7. Gaseous cdibration standard (compressed gas mixture or permeetion tube) tracegble to NIST
8. Zeoar

9. Spare parts

10. Record forms

11. Independent performance audit equipment.

Purchases of these supplies should be recorded in alog book to provide areference for future

procurement needs and for future fisca planning. An example of thislog is Figure 1.1. Quality
assurance activities for procurement of gpparatus and supplies are summarized in Table 1-1.

Date

Initial Accept/ Comment

Item Description Qty PO # Vendor Ord. Rec’'d Cost S Reject s
ONA-2 | Oxides of 1 01579 ACME 3-27-00 5-13-00 $10,000 ABC Accept None
nitrogen

analyzer

Figure 1.1. Example of a procurement log.
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TABLE 1-1. ACTIVITY MATRIX FOR PROCUREMENT OF EQUIPMENT AND SUPPLIES

Equipment/Supplies

Acceptance limits

Frequency and method
of measurement

Action if requirements
are not met

Chemiluminescent NO,
analyzer

Data acquisition system

Sample lines and
manifold

Calibration equipment

Working standard NO
cylinder gas or NO,
permeation tube

Record forms

Audit equipment

Meets performance
specifications of EPA
regulations for reference
and equivalent methods

Input voltage range
compatible with output
signal for analyzer, input
resolution >1024,
sampling date <1 minute

Constructed of Teflon® or
glass

Meets guidelines of EPA
1997c and Sec. 2.3.2

Traceable to NIST; meets
limits in EPA traceability
protocol for accuracy and
stability

Develop standard forms

Must not be the same as
that used for calibration

1.1  Chemiluminescent NOx Analyzer

Manufacturer should
provide a report of the
specific analyzer’s
performance; reverify
performance specifica-
tions at initial calibration

Check upon receipt

Check upon receipt

Check upon receipt

Certified concentration
verified using EPA
traceability protocol

Not applicable

System must be checked
out against known
standards

Manufacturer should
make proper
adjustments and rerun
the performance check

Return equipment to
supplier

Return equipment to
supplier

Return equipment/
supplies to supplier

Obtain new working
standard and check for
traceability

Revise forms as
appropriate

Locate problem and
correct or return to
supplier

Chemiluminescent NOy andyzers currently available for the measurement of NO, in ambient air are
competitively priced. However, price differences do become apparent when options are ordered.
Available options range from automatic zero and span functions to complete telemetry systems that
transmit daily zero and span checks and red-time data from the Site to a centrd location. Although

these options have advantages, their absence from the basic monitor will not detract from performance.
The necessity and desirability of options will be dictated by field personnd availability, Ste accessihility,
and budget limitations.

Only andyzers desgnated by EPA as areference or an equivaent method should be purchased. When
purchasing, the buyer should request that the manufacturer supply documented proof that the analyzer
does conform to EPA specifications. In addition, the user should reverify these performance
characterigtics elther during the initid calibration or by using abbreviated forms of the test procedures
provided in EPA regulations for reference and equivaent methods (EPA 19974). Acceptance of the
analyzer should be based on results from these performance tests. Once accepted, reference and
equivaent andyzers are warranted by the manufacturer to operate within the required performance
gpecifications for 1 yesar.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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An up-to-date list of analyzers designated by EPA as reference or equivaent methods for NO, is
avalable a an EPA World Wide Web ste (www.epa.gov/ttn/amtic/criteriahtml).

1.2 Data Acquisition System and Strip Chart Recorder

Electronic DASs are widely used and, as shown beow, have many advantages over strip chart
recorders.

« Accurecy. A properly operating DAS usually collects data at rates of several times per second. The
1-second values are calculated and stored until the end of the hour when the hourly NO, vdueis
computed automatically. These hourly averages are more accurate than those from a strip chart
because no human interpretation is involved.

» Data collection options. Instantaneous, short-term, and hourly data are collected and stored.

« Dataflags. Datareview parameters, such as maximum and minimum values, can be written into the
software code to screen and flag suspect data.

« Long-term storage. Data can be stored indefinitely to provide along-term storage device for many
years of data.

o Spreadsheet capability. Newer systems dlow caling up severd parameters at one time to compare
factors such as meteorologica conditions by using a Spreadsheet type of presentation.

» Cdibration control. A DAS can control calibration equipment and record cdibration data as they
are being collected, making an excdlent tool for use in remote locations.

Strip chart recorders are commercidly avalablein awide variety of prices and specifications. Factors
to be consdered when purchasing arecorder are:

«  Compatibility with the output Sgnd of the andyzer

o Chart width (aminimum of 15 cm [6 in.]) is recommended for the desired accuracy in deta
reduction

o Chart speed (at least 25 cm [1in.])/h)

» Regponsetime

« Precison and rdiability

» Hexibility of operating variables (speed, range)

« Maintenance requirements.

1.3 Sampling Lines and Manifold

Sampling lines and manifolds should be constructed of Teflor® or glass to minimize possible reaction
and degradation of NOy. The residence time within the sampling line should be minimized to reduce the
possibility of interreaction. For example, the reaction of ambient concentrations of NO and O; inthe
sample lines and manifold would lead to erroneous measurements.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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1.4  Calibration Equipment

To ensure accurate measurements of the NO and NO, concentrations, calibrate the analyzer a the time
of ingdlation, and recdibraeit:

1. No laer than 3 months after the most recent cdibration or performance audit that indicated

analyzer response to be acceptable; or
2. Following any one of the activities listed below:

* Aninterruption of more than afew daysin anadyzer operation

* Any repairsthat might affect its cdibration

» Physica rdocation of the andyzer or

* Any other indication (including excessive zero or span drift) of possible significant inaccuracy of
the andyzer.

Following any of the other activities listed under Item 2 above, aLevd | zero and span check should be
made to determineif acalibration is necessary. If the andlyzer zero and span drifts do not exceed the
acceptance limits, a calibration need not be performed. See Section 12 (“Instrument Cdibration and
Frequency”) in Volume I, Part 1, of EPA's Quality Assurance Handbook for Air Pollution
Measurement Systems (EPA 1998; subsequently referred to as “this handbook”). If either the zero or
gpan drift exceed their respective acceptance limit, investigate the cause of the drift, take corrective
action and cdibrate the andyzer.

When purchasing or designing a cdibration system, be sure that the cdibration syssem meets the
guidelines outlined in the reference method (EPA 1997¢). Cdibration procedures are also detailed in
the TAD (Ellis 1976).

Two methods for dynamic multipoint cdibration of NO, andyzers are Specified in the reference
method:

1. GPT of an NO compressed gas cdibration standard with O; to generate known concentrations of
NO, ad

2. NO, permestion tube and a dynamic dilution system to produce known concentrations of NO,, and
an NO compressed gas cdlibration standard.

Only the first method is discussed in this document. Those wishing to use the second method should
read Section 2 of the TAD. Thefirst method requires four mgjor components. They are:

NO compressed gas calibration standard
Stable O, generator

Source of zero air

GPT system.

A owbdpE
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The NO standard must be traceable to an NIST-SRM. The specific NO SRMs available from NIST
are ligted in the NIST-SRM catalog (NIST 1998). An acceptable protocol to demonstrate the
traceability of acommercialy produced NO standard to an NIST-SRM is described in the EPA
traceability protocol for gaseous cdlibration standards (EPA 1997Dh).

Zero ar (free of contaminants that can cause a detectable response with the NOy andyzer or that can
react with either NO, O;, or NO,) is commercidly available, or it can be generated by the user.
Detailed procedures for generating zero air are given in the TAD.

The equipment needed to carry out the cdibration is commercidly available, or it can be assembled by
the user. When purchasing a calibrator or its components, certain factors must be considered.

« Tracesbility of the NO standard to an NIST-SRM

» Accuracy of the flow-measuring device (e.g., rotometer, mass flowmeter, piston or sogp bubble
flowmeter)

o  Maximum and minimum flow rates of dilution air and NO standard

o Stability of the O; generator

» Ease of trangporting the cdibrator from Ste to Site.

Asaprecaution, dl new GPT gpparatus should be checked out againgt acdibrator of known reliability.

1.5 Spare Parts and Expendable Supplies

In addition to the basic equipment discussed above, it is necessary to maintain an inventory of spare
parts and expendable supplies. The manufacturer's manua contains a section describing the parts that
require periodic replacement and the frequency of replacement. Based on these requirements, the
management of the monitoring network can determine which parts and the quantity of each that should
be available a dl times. A generd list of spare parts and expendable suppliesis provided below (for
specific requirements, refer to the manufacturer’s manud):

« Paticulatefilters

o Sampling lines

«  Pump digphragms

e Dryer columns

» Activated charcoal

» Recorder chart paper

» Recorder ink or pen

« NO standard

» Record forms

o Sparefittings and glassware assortment.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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1.6 Reanalysis of Compressed Gas Calibration Standards

All NO standards used for calibration purposes should be reanalyzed by the user or the specidty gas
producer at least once every 2 years. The EPA traceability protocol (EPA 1997b) describes the
procedures for analysis and for reanayss of cylinder gases. FHlow-measuring devices should be
recdibrated by following the procedures and schedules in Appendix 12 (“Cdibration of Primary and
Secondary Standards for Flow Measurement”) in Volume I, Part 1, this handbook (EPA 1998).

1.7 Record Forms

Record keeping isacriticd part of al quaity assurance programs. Standard forms similar to those that
gopear in thismanua should be developed for individuad programs. Three thingsto consider in the
development of record forms are:

1. Doestheform serve a necessary function?
2. Isthe documentation complete?
3. Will the forms befiled in such amanner that they can be retrieved easily when needed?

1.8 Audit Equipment

Personnel, equipment, and NO standards used in conducting audits must be independent from those
normally used in cdibrations and operations.

Known concentrations of NO, can be generated by the GPT of NO with O; to produce NO, or by the
use of an NO, permestion tube and a dynamic dilution system. All audit gas standards must be
traceable to NIST-SRMss as described by the EPA traceability protocol. All flow rates should be
measured using a calibrated piston or sogp bubble flowmeter or an equivaently accurate flowmeter.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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2.0 Calibration of Equipment

The accuracy and precison of data derived from air monitoring instrumentation depend on the quality
control procedures used, primarily the dynamic ingrument cdibration. Cdibration determines the

rel ationship between the observed and the true vaues of the variable being measured. See Section 12
(“Instrument Calibration and Frequency”) in Volume 1, Part 1, of this handbook for a genera
discussion of cdibration procedures.

Dynamic cdibration involves introducing gas samples of known concentrations into an instrument in
order to adjust the instrument to a predetermined calibration relationship. This relationship is derived
from the instrument's response to successive samples of different known concentrations. These samples
may be introduced in an order of decreasing concentration to minimize response times. At a minimum,
three reference points and a zero point are recommended to define this relationship. The certified values
of the NO standards must be traceable to NIST-SRMs.

Mosgt present-day monitoring insrument systems are subject to drift and variation in internd parameters
and cannot be expected to maintain stable cdibration over long periods of time. Therefore, it is
necessary to dynamically check the cdibration relationship on a predetermined schedule. Precison is
determined by a one-point check at least once every 2 weeks. Accuracy is determined by athree-point
audit once each quarter. Zero and span checks must be used to document within-control conditions,
these checks are aso usad in data reduction and validation. Table 2-1 at the end of this section
summarizes the qudity assurance activities for cdibration.

2.1 Gaseous Calibration Standards

2.1.1 Compressed Gas Calibration Standards

The NIST-SRMs provide references against which al NO standards must be compared. The steps
required to compare the concentration of acommercially produced standard to an NIST-SRM are
described in the EPA traceability protocol.

2.1.2 NO,Permeation Tubes

The steps required to compare the permeation rate of a commercidly produced permestion to an
NIST-SRM or to an NIST-traceable mass reference standard are described in the EPA traceability
protocol.

2.2 Dilution Gases
Zero air (i.e., free of contaminants that could cause a detectable response with the NOy andyzer or

that can react with either NO, O;, or NO,) iscommercidly available, or can be generated by the user.
Detailed procedures for generating zero air are in the TAD.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere



2.3.2.0 Calibration of Equipment February 2002 Page 2 of 21

2.3  Dynamic Multipoint Calibration Principles

Two methods for dynamic multipoint caibration of NO, are specified in the reference method (EPA
1997c).

1. GPT of an NO standard with O to generate known concentrations of NO, and
2. NO, permestion tube and a dynamic dilution system to produce known concentrations of NO,.

Both methods provide reliable results when correct caibration procedures are followed. Experience
has shown, however, that NO, permeation tubes may become unrdiable if not handled properly.
Furthermore, the conditions that contribute to the degradation of the tubes are not well understood at
thistime, s0 care should be exercised by those using the second method for cdibrating NO, andyzers.
Anayzersthat require caibration of NO or NOy channels must use an NO standard and a dynamic
dilution system to generate known concentrations. Both methods require the use of an NO calibration
gas to determine the efficiency of the analyzer's NO, to NO converter. Only the first method (GPT) is
discussed in this document; those using the second method (NO, permegtion tube) should refer to the
TAD.

2.3.1 Gas-Phase Titration (GPT)

The principle of GPT is based on the rapid gas-phase reaction between NO and O; that produces
gtoichiometric quantities of NO, as shown by the following reaction:

NO + 0,6 NO, + O,

If theinitia and find NO concentrations for this reaction are known, the resulting concentration of NO,
can be determined. Ozoneis added to excess NO in adynamic calibration system, and the NO channel
of the chemiluminescent anayzer detects the changes in NO concentration. After the addition of O, the
observed decrease in NO concentration is equivaent to the concentration of NO, produced. The
concentration of NO, generated may be varied by increasing or decreasing the concentration of O,
produced by a stable O, generator.

Dynamic calibration systems based on this GPT principle are commercialy available, or may be
assembled by the user. A recommended cdlibration system is described in the reference method and
detalled in the TAD. Persons desiring to assemble their own cdibration systems should follow the
proceduresin the TAD. Figure 2.1 shows adiagram of the GPT gpparatus.

Both the assembled and the purchased cdibration systems must meet the following conditions before
being used for NO, cdibrations.

¢ Usean NO standard traceable to an NIST-SRM.

» Have astable O; source with an adjustable output.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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« Haveaminimum tota flow rate output that exceeds the anayzer flow rate demand by at least 10%
to avoid reverse legkage into the cdibration system.

« Becapable of generating an NO concentration that is approximately 90% of the upper range limit
(URL) of the NO, range to be cdibrated.

« Haveareaction chamber resdence time of #2 minutes,

« Haveadynamic parameter specification of $2.75 ppm-min at the operating conditions at which the
cdibration will be performed.

It has been determined empirically that the NO-O; reaction goes to completion (<1% resdud Oy) if
the NO concentration in the reaction chamber (parts per million) multiplied by the resdence time
(minutes) of the reactants in the chamber is $2.75 ppm-min. The theory behind the development of this
equation is discussed in the reference method and TAD.

2.3.2 GPT Calibrator Check Procedure

The following procedures and equations should be used to determine whether an existing GPT
cdibration system will meet required conditions for a specific caibration.

For calibrators that have known preset flow rates, use Equations 2-5 and 2-6 of Steps 7 and 8 to verify
the required conditions. If the cdibrator does not meet specifications, follow the complete procedure to
determine what flow modifications must be made.

1. Sdect an NO standard that has anomina concentration in the range of 50 to 100 ppm. Determine
the concentration of the NO standard, [NOJsrp by referencing againgt an NIST-SRM, as dis-
cussed in the EPA tracesbility protocol.

2. Determine the volume of the cdibrator reaction chamber (Vc) in cubic centimeters. If the actud
volume is not known, estimate the volume by measuring the gpproximate dimensions of the
chamber and using an appropriate formulasuch asV = (4/3)Br* for asphere or V = Br?l for a
cylinder. The reaction chamber should not be confused with the mixing chamber where the dilution
air and the generated NO, are mixed.

3. Determine the required minimum totda flow rate output (F;) using Equation 2-I.

Fp = ssalyzer flow rate demand (om/min) x % (2-1)

If more than one anayzer isto be cdibrated at the same time, multiply F; by the number of
andyzers.

*Throughout this method description, the notation [NO] will denote the concentration of NO; similarly for [NO,] and [NO,].

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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4. Cdculate the NO concentration ([NO]qyr) needed to approximate 90% of the URL of the NO,
andyzer to be cdlibrated usng Equation 2-2.

[NOlyyr = URL of analyzer (ppm) x % 2-2)

5. Cdculatethe NO flow rate (Fyo) required to generate the NO concentration [NO]oyr usng
Equation 2-3.

[NOlogr x Fop
Fyo = (2-3)
NOkrp,
6. Cdculate the required flow rate through the ozone generator (Fo) using Equation 2-4.
O x xV
2.75 ppm-— min
7. Veify that the resdence time (tg) in the reaction chamber is#2 min usng Equation 2-5.
Vee .
tp = 2 min (2-5)
Fo + Fyo

8. Veify that the dynamic parameter specification (Pg) of the calibrator's reaction chamber is $2.75
ppm-min using Equation 2-6.

Fo + FNO Fo + Fno

Fuo}

Pp = [NOlyy, { Ve } (2-6)

Note: If tz is>2 min or if P is<2.75 ppm-min, changesin flow rates (F;, Fo, Fro), in the reaction
chamber volume (Vgc), or both will have to be made, and t; and Pk will have to be reca culated.

9. After Equations 2-5 and 2-6 are satisfied, cdculate the diluent air flow rate (Fp) usng
Equation 2-7.

Fo = Fr - Fo- Fwo (2-7)
2.3.3 Example Calculation

Following is an example caculation that can be used to determine whether an existing GPT cdibrator
will meet the required conditions for a specific cdibration. For this example, it is assumed that only the
volume of the reaction chamber, V¢, and the concentration of the NO standard, [NO]srp, are known.
All flow rates (Fyo, Fo, Fr, and Fp) will be caculated. In many uses, these flow rates are known and
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need only to be substituted in Equations 2-5 and 2-6 to verify the required conditions. Before doing any
cdculations, the URL and flow rate demand of the andyzer being cdibrated must be known. Operating
parameters are determined from the operations manud:

URL = 0.5 ppm
Anayzer flow rate demand = 2500 cm?/min

The volume of the calibrator reaction chamber is determined by physica measurement.
Ve =180 cn??
The concentration of the NO standard to be used is determined by reference against an NIST-SRM.

[NOlsrp = 50.5 ppm

1. Determine the minimum tota flow (F;) required at the output manifold using Equation 2-1.

F = 25000m3/min§é‘£)9 = 2750 cm® / min
1002

Because low flow rates are difficult to control and measure, it is often advantageous to set a higher
total flow rate than needed.

2. Determine the highest NO concentration, [NO]qyr, required a the output manifold using
Equation 2-2.

2900
N =0 —= 0.
[NOl oyt 05ppmglooIzj 045 ppm

3. Cdculatethe NO flow rate (Fyo) required to generate the NO concentration [NO]yr usSng
Equation 2-3.

3 -
Fyo = 040 pem x 2730 om7emm _ o) ¢ ponS/enin

50.5 ppm

4. Cdculae therequired flow rate of the ozone generator (Fp) usng Equation 2-4.

_ /5.5 ppm x 24.5 om¥min x 120 om®
2.75 ppm- min

F, - 24.5 oon/min

= /80984 omS/min? - 24.5 em3min = 260.08 om/min
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5. Veify that the resdence time (t g) in the reaction chamber is#2 min using Equation 2-5.

3
fp = 180 om = 0.63 min

260.08 cmm’/min + 24.5 cm>/min

6. Veify the dynamic parameter specification (Pg) of the cdibrator reaction chamber using
Equation 2-6 and previoudy determined vaues.

24.5 om3/rein
260.08 em>/min + 24.5 em>/min

10 pm3
260.08 em>/min + 24.5 om>/min

Py = 50.5 ppm x

= 2.75 ppm- mm
7. Cdculaethediluent air flow rate (Fp) required at the mixing chamber using Equation 2-7.
Fp = 2750 cmé/min - 260.08 cm/min - 24.5 cé/min = 2465 cn/min
2.4  Calibration Procedures

The procedures for multipoint cdibration of a chemiluminescent NOy andyzer by GPT of an NO
standard with O are specified in the reference method. To facilitate these procedures, operationd and
cdculation data forms have been developed. These formswill ad in conducting acdibration and in
providing for the quaity assurance checks. Detailed descriptions of the calibration theory and
procedures for GPT are in the reference method and TAD.

Documentation of al data on the ation, instrument, cdibrator, NO standard, and calibration
procedures are of prime importance since the vdidity of the data collected by the instrument is
dependent onits cdibration.

2.4.1 General Calibration Recommendations

Cdlibration must be performed with a cdibrator that meets al conditions specified in Section 2.3.2.
Flow settings (with the exception of the NO flow rate, Fyo) and the concentration of the NO standard,
[NO]srp, used in the GPT cdibration for NO, must be the same as those used in the cal cul ations of
specified conditions.

The user should be sure that al flowmeters are cdibrated under the conditions of use againg ardiable
standard such as a piston or sogp bubble flowmeter or wet test meter. All volumetric flow rates should
be corrected to standard temperature and pressure (STP) of 25 °C (77 °F) and 760 mm (29.92 in.)

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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Hg. Cdibrations of flowmeters are discussed in Appendix 12 (* Calibration of Primary and Secondary
Standards for Fow Measurements’) in Volume 11, Part 1, of this handbook.

Precautions must be taken to purge O, and other contaminants from the NO standard' s pressure
regulator and the ddlivery system prior to the start of calibration to avoid any premature conversion of
the NO to NO.. Failure to do so can cause sgnificant errorsin cdibration. This problem may be
minimized by:

« Caefully evacuating the pressure regulator, when possble, after it has been connected to the NO
gtandard and before opening the cylinder hand vave

«  Thoroughly flushing the regulator and the ddivery system with NO after opening the cylinder vave
» Not removing the regulator from the cylinder between cdibrations unless absolutely necessary.

Further discussion of these proceduresis givenin the TAD.

2.4.2 Calibration Procedure for NO and NOy

The GPT requires the use of the NO channel of the andyzer to determine the amount of NO, generated
by titration. Therefore, it is necessary to cdibrate and determine the linearity of the NO channd before
proceeding with the NO, cdlibration. In some andyzers, it is aso necessary to cdibrate the NOy
channd. This can be done smultaneoudy with the NO calibration. The following procedure uses the
cdibration dataform, Figure 2.2, to aid in the collection and documentation of caibration data. During
the cdibration, the analyzer should be operating in its norma sampling mode, and the test atmosphere
should pass through al filters, scrubbers, conditioners, and other components used during normal
ambient sampling and as much of the ambient air inlet systlem asiis practicable. All operationa
adjustments to the analyzer should be completed prior to the cadibreation.

1. Record the gation name and address on the cdibration data form. Identify individua stations by
their officia names and addresses. Where appropriate, the station name and address should be the
same as those gppearing on the AIRS ste identification form for that station. Thiswill hep to
diminate any confusion by persons not familiar with the Station.

2. ldentify the person performing the cdibration and record the dete of cdibration.
3. ldentify the andyzer being calibrated. Record the manufacturer's name, model, and seria number.
4. I|dentify the calibration apparatus used. If the cdlibrator was purchased, record the manufacturer's

name, model, and seria number. Cdibrators assembled by the user should be assigned an
identification number so that cdibrations can be referenced to that particular apparatus.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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1. Station Redbank
417 Redbank Road
Millsville, Ohio
Calibrated by Joe Smith Date 3-2-00
Analyzer mfgr.  ACME 4. Calibrator mfgr.  State Agency
Model NO/NO,/NO, (No. 9876) Model GPT
SIN 14782 SIN 2A
5. NO reference standard
Supplier Gas Supplier Cylinder number 6783
Concentration [NOlgrp 50.5 Cylinder pressure 1500 psig
NO, impurity, [NO,],ue 0
Traceable to NIST-SRM No. 1683d Cylinder No. AL-9323517
NO  NO, NO,
6. Zero knob setting 1.48 1.46 1.42
Span knob setting 6.43 6.29 6.71
7. Temperature 25°C Barometric pressure 760 mm Hg
NO/NOy Calibration and Linearity Check
1 2 3 4 5 6
Ca!ibration R+ Fy Fuo NO channel NO, channel
points [NOlour response [NOylout response
NO/NO, (cm¥min) | (cm¥min) (ppm) (volts) (ppm) (volts)
Zero 2,720 0.0 0.000 0.050 0.000 0.050
80% URL 2,720 21.8 0.405 0.860 0.405 0.860
1 2,720 10.8 0.200 0.450 0.200 0.450
2 2,720 5.4 0.100 0.250 0.100 0.250
NO, Calibration by GPT
7 8 9 10 11 12
NO, channel
Calibration [NOJ] [NOloric [NOlrem [NO,]\vp [NOour response
points NO, (ppm) (ppm) (Ppm) (Ppm) (ppm) (volts)
Zero — — — 0 0.000 0.050
ORIG 0.450 0.450 — 0 0.000 —
80% URL 0.440 0.450 0.050 0 0.400 0.850
1 0.445 0.450 0.250 0 0.200 0.450
2 0.450 0.450 0.350 0 0.100 0.250

Figure 2.2. Example of a calibration data form (front side).

Quality Assurance Handbook, Vol. Il, Part I
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Equations used for NO/NO,/NO, calibration

Equation 2-8
[NO] — FNO X[NO]STD
o FNO + I:o + FD

Equation 2-9
[NO]OUT = Fao X([NO]STD + NOZ]IMP)
FNO + I:o + FD

Equation 2-10
NO

Response (volts) = [U]% 100 + Zno

For NO, substitute [NO, ], and Z\_

For NO, substitute [NO, ]o,r and Zq,

Equation 2-11

NO,lour = [NOlogs - [NOlgew

If [NO

FNO + I:o + FD
= O use Equation 2 - 11A

Z]IMP

Equation 2-11A

[NO,lour = [NOlorig - [NOlrem

+ Foo XINO, live

Fyno = flow rate of NO standard
Fo = flow rate of air through O, generator
Fp = flow rate of dilution air

[NOJour: [INOWlout: [INO,Jout = cOncentration
at the output manifold

[NOJsp = concentration of the undiluted
NO standard

[NO,],up = concentration of NO, impurity in
the standard NO cylinder

URL = upper range limit

[NOJogris = concentration of NO before O, is
added during GPT

[NOJrem= concentration of NO after O;is
added during GPT

ZNos ZNoy» ZNoo = analyzer response to

zero air

Figure 2.2a. Example of a calibration data form (back side).

5. ldentify, by supplier and stamped cylinder number, the NO standard to be used. Record the
certified concentration of the NO standard ([NOJstp) and the amount of NO, impurities
(INO3]imp)- Do not use NO standards with pressures <200 psig for calibration. It has been shown
that some NO concentrations become unstable at low pressures. Provide arecord of traceability
to NIST for any NO standard used in a cdibration, and include the date and the name of the

person or organization that conducted the andysis.

6. Record the zero and the span knob settings after the calibration is complete so that these settings
can be used at alater date to determine changes in the instrument performance characterigtics.

Note: Some analyzers may have separate zero controls for NO, NOy, and NO,; others may have
separate zero controls only for NO and NOy; still others may have only one zero control common

to dl three channds.

Quality Assurance Handbook, Vol. Il, Part I
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Note: Some analyzers may not have physica zero and span knobs to adjust because their sgnd
processing is being performed digitaly by amicroprocessor in the andyzer. For such andyzers,
there may not be a zero or span setting that can be recorded and there may not be ameansto
obtain an offset andyzer response to zero air. Consult the operating manud for such an andyzer to
determine whether it has this fegiure.

7. Record the shdlter temperature and barometric pressure at the time of cdibration.

8. Usethe NO/NOy part of the dataform (Figure 2.2) for the systematic recording of data
determined during calibration of the NO and NOy channds of the andyzer. Because zero and
span adjustments differ between andyzers, the manufacturer's manua should be consulted before
cdibration is performed.

a

Auto-ranging analyzers should be calibrated on dl ranges that are likely to be used. Sdect the
operating range of the anayzer to be calibrated. Precision and accuracy for NO, cdlibration
are best obtained when dl three channels of the andyzer are set to the same range.

Connect the signa output cable(s) of the analyzer to the input terminas of the gtrip chart
recorder(s) or DAS. Make dl adjustments to the analyzer based on the appropriate analyzer
responses. Anayzer responses in the procedures given herein refer to strip chart recorder or
DAS responses.

Adjust the flow rate of the diluent air and the O, generator air to obtain the flow rates
determined in Section 2.3.2. Be sure that the total air flow rate exceeds the tota demand of
the analyzer(s) connected to the output manifold so that no ambient air will be pulled into the
manifold vent. Record the sum of the flow rates of diluent air (Fy) and O; generator air (Fp) in
Column 1 of Figure 2.2,

Allow the analyzer to sample zero air until stable NO, NOy, and NO, responses are obtained.
After the responses have stabilized, adjust the anayzer zero control(s). (Offsetting the andyzer
zero adjustments to 0.050 volts is recommended to facilitate observing any negative zero drift.)
Record the stable zero air responses (Zyo and Zyo,) under Column 4 of Figure 2-2 for NO
and under Column 6 for NOy. Record the NO, zero air response (Zyo,)in Column 12,

Adjust the flow rate from the NO standard to generate an NO concentration of approximately
80% of the URL of the NO channel. Measure the NO flow rate (Fyo) and record it under
Column 2 on the 80% URL line.
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f. Caculate the output NO concentration [NO]o, using Equation 2-8.

Fyo  [NOlemp
NOLyr = — 29
Fyo t Fo t Fp
Cdculate the output NOy concentration [NOy] oyt Using Equation 2-9.
F,n + ((NO + [NO
rN-Oglo'ﬂT = NO ]STD 2 (2-9)
Fyo + Fo + Fp
Record the [NO]qyr under Column 3 and the [NOy] oyt under Column 5 on the 80% URL
line
g. Sample the generated concentration until the NO and the NOy responses have stabilized.
Adjust the NO span control to obtain an anadyzer response as determined by Equation 2-10.
3)
Analyzer response = {&- x 100) + Zyo (2-10)

where URL = nomina upper range limit of the NO channel being calibrated in parts per
million.

Note: Some andyzers may have separate span controls for NO, NOy, and NO,; others may
have separate span controls only for NO and NOy; while iill others may have only one span
control common to dl three channels. If only one span control is available, make the span
adjustment on the NO channd. When adjusting the anayzer's NOy span control, subgtitute the
[NOy]out and the Zyo, in Equation 2-10 to determine the andyzer response. If substantial
adjustments of the span controls are necessary, recheck the zero span adjustments by
repeating Steps 8f and 8g. Record the NO analyzer response under Column 4 and the NOy
andyzer response under Column 6 on the 80% URL line.

h. After the zero and the 80% URL points have been s&t, determine two approximately evenly
spaced points between zero and the 80% URL without further adjustment to the anayzer.
These additiona points can be generated by ether increasing the dilution flow rate (Fy) or by
decreasing the Fy. For each concentration generated, calculate the NO and NOy
concentrations using Equations 2-8 and 2-9. Record the required information for each point
under the gppropriate column in the NO/NOy table in Figure 2.2.

9. Plot the NO andyzer responses (y-axis) versus the corresponding ca culated concentrations
[NO]our (x-axis) to obtain the calibration rel ationships shown in Figure 2.3. Determine the Straight
line of best fit determined by the method of least squares regresson. This regresson can be done
with a programmed calculator with this cgpability or with the calculation data

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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10.

11.
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Figure 2.3. Example of an NO, calibration relationship.

form presented in Figure 2.4. Because the time required to perform the caculation manually using
the data form is consderably longer than that using a programmed caculator, it is suggested that
the latter be used.

After determining the dope (b) and the y-intercept (a) where the regression line crosses the y-axis,
draw the fitted line for each set of points. On the y-axis of the graph, locate and plot the value of a
Using the equationy = a + bx, calculate the predicted ¥ value using the 80% URL concentration
for the x-value. Plot this second point on the graph. Draw a straight line through these two points
to give a best-fit line. Figure 2.3 shows a cdlibration line plotted using this procedure. Steps 9 and
10 should be repeated for the NOy vaues.

After the best-fit line has been drawn for the NO and the NOy cdlibrations, determine whether the
andyzer responseislinear. To be consdered linear, no cdibration point should differ from the
best-fit line by more than 2% of the URL. A smple test for linearity can be made by plotting a
point 2% of the URL above and 2% of the URL beow the point where thefitted line crosses the
0.4-ppm line. Repest this procedure where the fitted line crosses the 0.1-ppm line. Draw a straight
line through the +2% URL points and the -2% URL points (Figure 2.3). These two lines define the
limits between which the cdibration points can fal and the cdibration curve be consdered linear.
Repest any points faling outsde these limits
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Analyzer

Concentration response
Calibration (ppm) (volts)
point X x2 y y? Xy
Zero 0.00 0.00 0.050 0.0025 0.0000
80% URL 0.40 0.16 0.850 0.7225 0.3400
1 0.20 0.04 0.450 0.2025 0.0900
2 0.10 0.01 0.250 0.0625 0.0250

-x=0.70, -x¥=0.21, -y = 1.600, -y? = 0.9900, -xy = 0.4550

X =-x/n=0.175, Y = -y/n =0.400, and
n = number of calibration points = 4
The equation of the line fitted to the data is written as:
y=y+b(x- x)=(y- bx)+bx =a+ bx

where y = predicted mean response for corresponding x

b = slope of the fitted line

a = intercept where the line crosses the y-axis
; (@ x)(ay)
_aXys " 01750 _
= n___ - = 2,000
832 - (a x) 0.0875
n

Figure 2.4. Calculation form for the method of least squares.

to diminate cdibration errors, if the repeated points fill fal outsde the limits, consult the
manufacturer's manua on how to correct the nonlinearity.

2.4.3 Gas-Phase Titration Procedure for NO,

Having completed the cdibration of the NO and NO, channels, the NO, channel may now be
cdibrated by GPT. Figure 2.2 dlows for the systematic recording of the data determined during the
cdibration of the NO, channe of the andyzer. Do not readjust the zero and span knob settings for the
NO and the NOy channdls.

1. The NO, zero adjustment was made in Step 8d of the NO/NOy, cdibration and need not be
repeated. Record the analyzer response under Column 12 of the NO, cdibration table.
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2. The NO, impurity concentration, [NO,],e, found in the NO standard must be recorded under
Column 10; if thereis no impurity, disregard this column.

3. Adjust the NO flow rate (Fyo) to generate an NO concentration near 90% of the URL. Dilution air
and O, generator air flow rates should be the same as that used in the calculation of specified
conditionsin Section 2.3.2. Sample this NO concentration until the NO and NOy responses
gabilize. Using the NO cdlibration relationship determined in Step 10 in Section 2.4.2, measure and
record the NO concentration under Column 8, [NOJog,e. Using the NOy cdibration rdaionship
obtained in Step 10, measure and record the NOy concentration under Column 7, [NOy]. Record
both vaues on the line marked “ORIG.”

4. Adjust the O; generator to produce sufficient O, to decrease the NO concentration from 90% to
10% of the URL. This decrease will be equivalent to 80% of the URL of the uncdibrated NO,
channdl. The decrease must not exceed 90% of the NO concentration determined in Step 3. After
the analyzer responses stabilize, determine the new NO and NOy concentrations from their re-
spective cdibration relationships. Record the NOy concentration under Column 7, and the
remaining NO concentration under Column 9, [NOJggy. The [NO]gr e Will be the same vaue
determined in Step 3.

5. Cdculate the resulting NO, concentration, [NO,] oy, Using Equation 2-11, and record it under
Column 11, [NO,]our-

x [NO,]
INO,logr = Ol - INOlfpgy + 20 5 X202 @1
Fyo t+ Fo + Fp
If there was no NO, impurity in the NO reference standard, Equation 2-11A may be used to
caculate [NO,] oyt
[NO,]lour = [NOloric - [NO]gen (2-11A)

6. Adjust the NO, span control to obtain the andyzer response caculated in Equation 2-10A. This
equation is derived from Equation 2-10 by substituting [NO,]our and Zyo, for [NO]oyr and Zyo,

repectively.
ANO,] ot 0]
Andyzerr ne=c—=—=— X DASrage +Z 2-10A
yzexr resoo 8 URL g > NO, ( )

Note: If the analyzer has only one or two span controls, the span adjustments are made on the NO
channel or on the NO and NOy channels, and no further adjustment is made here for NO,. If
ubstantia adjustment of the NO, span control is necessary, it may be necessary to recheck the
zero and span adjustments. Record the NO, andyzer response under Column 12.
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7. While maintaining dl other conditions, adjust the ozone generator to obtain two other
concentrations of NO, evenly spaced between the 80% URL point and the zero point. Record the
information for each point on the respective lines of the NO, cdibration table.

8. Repeat Steps 9, 10, and 11 of Section 2.4.2 for the NO, analyzer response, Column 12, and the
corresponding calculated concentration [NO,] oy, Column 11.

2.4.4 Example NO and NO, Calibration

1. Complete Steps 1 through 5 and Step 7 of the NO/NOy calibration before starting the cdibration
to document al information concerning the station, andyzer, NO standard, and person performing
the calibration. Because andlyzers have different operating characterigtics, consult the
manufacturer's operation manua before starting the calibration procedure.

2. Sdect the operating range (parts per million) of the andyzer to be cdibrated. For this example,
assume that al three channds (NO, NOy, and NO,) will be cdibrated on the range of 0 to
0.5 ppm.

3. Beaurethat the strip chart recorders or the DAS are operating properly and are connected to the
correct output terminds of the andyzer.

4. Connect the andyzer's sample line to the manifold of the cdibrator.

5. Adjug the diluent air flow rate (Fp) and the O; generator air flow rate (Fy) to obtain the flow rates
close to those determined in Section 2.3.2. Remeasure these flows for each calibration:

Fp = 2460 cm?/min a STP
Fo = 260 c?/min a STP

Record the sum of Fy and F5 under Column 1.
Fo + Fo = 2720 cm?/min a STP

6. Allow the andyzer to sample the zero air until the NO, NOy, and NO, analyzer responses
gabilize. Then adjust the analyzer zero control(s) to offset the andyzer responses to 0.05 voltsto
facilitate observing any negative zero drift. Record the sable zero air responses (Zyo and ZNOX)
under Column 4 for NO and Column 6 for NOy. Record the NO, zero air response (ZNOZ) in
Column 12.
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10.

11.

Adjust the NO flow rate from the NO standard to generate an NO concentration of approximately
80% of the URL of the NO channel. Measure the NO flow rate (Fyo), and record this under
Column 2 on the 80% URL line.

Fuo = 21.8 cmfmin

Calculate the NO concentration [NO]qr using Equetion 2-8.

21.8 £ 50.5
INOlogrr 2720 + 21.8 Pt

Record this vaue on the 80% URL line of Column 3. Caculate the exact NOy, concentration
[NOy]out using Equation 2-9.

2182 (50.5 + D)
27206 + 21.8

INO_lopr = + 0.405 ppm

Record this value on the 80% URL line of Column 5.

Sample the generated concentration until the NO and NOy analyzer responses have stabilized.
Calculate the expected andyzer response for this concentration using Equation 2-10.

Analyzer tesponce = {% r 200) + D.OSD = 0.260 volis

0.500

Adjust the NO span control to obtain an analyzer response of 0.860 volts, and record this
response on the 80% URL line of Column 4.

Substitute the NOy valuesin Equation 2-10; an anayzer response of 0.860 voltsis determined.
Adjust the NOy span control and record this response under Column 6.

Generate two approximately evenly spaced points between zero and the 80% URL by changing
ether Fyo or Fp. Inthisexample, Fyo was changed. Allow the andyzer response to sabilize
before moving to the next calibration point. When the response has stabilized, record it in the
appropriate column of the NO/NOy, cdibration table.

Plot the analyzer response from Column 4 (y-axis) versus the corresponding calculated
concentration [NO]qr from Column 3 (x-axis). A draight line of best fit is now caculated by the
method of least squares. For this example, the dope (b) is 2.00 with a y-intercept of 0.050 valts.
Plot the calibration relationship asin Figure 2.3. To check linearity, draw the +2% and -2% URL
lines pardld to this cdibration line. In this example, the andyzer responseislinear.
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12.

13.

14.

15.

16.

17.

25

Adjust the NO flow rate (Fyo) to generate an NO concentration near 90% of the NO range. For
this example, a concentration of 0.450 ppm is used. This vaue need only be gpproximeated.

After the response has stabilized, use the NO calibration relationship determined in Step 11 to
obtain the actuad concentrations. Record this vaue on the line marked “ORIG” under Column 8
[NO]oris. If the NOy channel is monitored, determine NOy concentrations from the NOy
cdibration relationship, and record the vaues under Column 7.

Adjust the O; generator to produce sufficient O; to reduce the NO concentration from 90% of the
URL (0.450 ppm) to 10% of the URL (0.050 ppm). Determine the actual NO concentration
remaining from the calibration relationship, and record the vaue on the 80% URL line under
Column 9 [NOJgem- [NO]ogris isthe same vaue determined in Step 12.

The resulting NO, concentration is now calculated. Because there were no NO, impurities present
inthe NO standard, Equation 2-11A may be used.

[NOylogr = 0.450 - 0.050 = 0.400 ppm NO,

Caculate the required recorder response using Equation 2-10.

Analyzer responce = {ﬂ x 2.00) + 0.050 = 0.850 volts

0.500

Adjust the NO, span control to obtain an andyzer response of 0.850 volts. Record this vaue
under Column 12.

Adjust the ozone generator for two additional concentrations of NO,, approximately evenly
spaced between the 80% URL point and the zero point. Record the required data under the
appropriate columns of the NO, cdlibration table (Figure 2.2).

Plot the analyzer response from Column 12 (y-axis) versus the corresponding calculated
concentration [NO,] oyt from Column 11 (x-axis). Proceed asin Step 11 to determine a straight
line of best fit and linearity.

Determination of NO, to NO Converter Efficiency

Note: Some andyzers whose signd processing is handled by amicroprocessor may have
manua or automatic software for correcting for the converter efficiency. For such andyzers, it
may not be possible to determine the analyzer's converter efficiency and this section should be
ignored. Conault the operating manud for the analyzer to determineif it has this feature.
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A dataform (Figure 2.5) has been developed for determining the converter efficiency. The following
procedure is for use with this data form.

1. Vduesfor Columnsl, 2, and 3 of the converter efficiency dataform are taken directly from the
NO, table of the cdibration data form.

1 2 3 4
Calibration [NOzlour [NOyloric [NOylrem [NO,]conv
point (x) V)
Zero set point 0.000 0.450 0.450 0.000
80% URL 0.400 0.450 0.440 0.390
1 0.200 0.450 0.445 0.195
2 0.100 0.450 0.450 0.100

Slope (b) = 0.97

Converter efficiency = 100 x b =97%

[NO,Jcony = [NOsloyr - (INOxloris - [NOxlrem) Equation 2-12

Figure 2.5. Converter efficiency data form.

a. Coumnl, [NO,]qyr, isfrom Column 11, [NO,] oy, Of the table from Figure 2.2.

b. Column 2, [NOy]oric, iSfrom the line marked “ORIG” of Column 7, [NOy], of the table; this
vaue will bethe samefor dl lines of Column 2.

c. Column 3, [NOy]rewm, isfrom the appropriate calibration points of Column 7 of the table.

2. Cdculate the quantity of NO, converted to NO, labeled [NO,]cony, fOr each point using
Equation 2-12.

[NO]CONV = [NOZ.IOUT - ([NOX]ORIG - [NOX]REM) (2_12)

Note: Converters may fal gradudly or catastrophicdly. A gradud falure may manifest itsdf first at
the highest vaue of [NO,]cony by the inability to atain a stable andyzer regponse. The converter
efficiency may remain within the 96% acceptance limit at lower vaues of [NO,] cony Whilefdling
outgde the limit a higher vaues of [NO,]cony- The faling converter may appear to recover after
sampling ambient air with low [NO,]. Consult the operating manua for the andyzer for other
information regarding troubleshooting converter problems.
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3. Plot [NO,]cony (Y-axis) versus [NO,] oyt (X-axis), and the converter efficiency curve (Figure 2.6),
and then caculate the dope (b) of the curve using either an gppropriate caculator or the calculation
form (Figure 2.4) using the method of least squares regresson.

4. Multiply the dope (b) of the curve by 100 to determine average converter efficiency; if the
efficiency is <96%, either replace or service the converter.

2.6  Calibration Frequency

To ensure accurate measurements of the NO and NO, concentrations, cdlibrate the andyzer at thetime
of ingdlation and recdibrate it:
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Figure 2.6. Converter efficiency relationship.

1. No later than 3 months after the most recent cdibration or performance audit that indicated
analyzer response to be acceptable; or

2. Following any one of the activities listed below:

a. Aninterruption of more than afew daysin andyzer operation;
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b. Any reparsthat might affect its caibration;

c. Physcd reocation of the andyzer; or

d. Any other indication (including excessive zero or span drift) of possble sgnificant inaccuracy of

the andyzer.

Following any of the activities listed in Item 2 above, the zero and span should be checked to determine
if acdibration is necessary. If the analyzer zero and span drifts do not exceed the acceptance limits, a
calibration need not be performed. If elther the zero or span drift exceed their respective acceptance
limit, investigate the cause of the drift, take corrective action, and calibrate the andyzer. See Section 12
(“Ingtrument Cdibration and Frequency”) in Volume 1, Part 1, of this handbook.

TABLE 2-1. ACTIVITY MATRIX FOR CALIBRATION PROCUREMENT

Calibration activities

Acceptance limits

Frequency and method
of measurement

Action if requirements
are not met

Calibration gases

Dilution gas

Multipoint calibration
(GPT)

Traceable to NIST via
the EPA traceability
protocol 50 to 100 ppm
NO in N, with less than
1 ppmin NO,

Zero air, free of
contaminants; see the
TAD

1. t;<2 min
P:>2.75 ppm-min

2. Use calibration
procedure in Sec. 2.4;
also the TAD; EPA
1997c

3. Converter efficiency
>96%

Recertified every 2 years
using the EPA
traceability protocol

See the TAD

1. Sec.2.3.2

2. Sec. 2.4; the TAD;
EPA 1997c; and
Figure 2.2; see
Sec. 2.1 for frequency

3. Sec. 2.5and
Figures 2.5 and 2.6

Working gas standard is
unstable and/or
measurement method
is out of control; take
corrective action such as
obtaining new
calibration gas

Return to supplier, or
take appropriate
corrective action with
generation system

1. Adjust flow conditions
and/or reaction
chamber volume to
meet suggested
limits

2. Repeat the
calibration

3. Replace or service
the converter
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3.0 Operation and Procedure

Scheduled checks are essentid to quality assurance for verifying the operationd status of the monitoring
system. The operator should vidt the Ste at least once each week. Every 2 weeksaLevd 1 zero and
span check must be made on the andlyzer. Level 2 zero and span checks should be conducted at a
frequency desired by the user.

In addition, an independent precision check between 0.08 and 0.10 ppm must be carried out at least
once every 2 weeks. Table 3-1 at the end of this section summarizes the quality assurance activities for
routine operations. A discussion of each activity gppears in the following sections.

To provide for documentation and accountability of activities, a checklist should be compiled and then
filled out by the field operator as each activity is completed. Figure 3.1 presents an example operations
checklist and maintenance record.

In Sections 3.1 and 3.2, reference is made to the sampling shelter and the sample introduction system.
The design and congtruction of these components of the sample introduction system are not within the
scope of this document. For guidance, consult Section 7 (* Sampling Methods’) in Volume I, Part 1, of
this handbook.

3.1 Shelter

The shdlter’ srole in quality assurance is to provide a temperature-controlled environment in which the
sampling equipment can operate at optimum performance. The mean shelter temperature should be
between 22 and 28 °C (72 and 82 °F). A thermograph should be installed at the shelter to continuously
record daily fluctuationsin temperature. Fluctuations greater than £2 °C (24 °F) may cause the
electronic components of the andyzer to drift and may introduce error into the data; thus the
fluctuations outside of the specifications should be identified, and the data for the affected time period
should be flagged to indicate possible discrepancies.

3.2 Sample Introduction System

The sample introduction system congsts of an intake port, the particulate and moisture traps, the
sampling manifold and blower, and the sampling line to the andlyzer. The fied operator, as part of the
qudity assurance program, should inspect each of these components for breskage, lesks, and buildup
of particulate matter or other foreign objects; check for moisture deposition in the sample line or
manifold; see that the sample line is connected to the manifold; and see that any component of the
sample introduction system that is not within tolerance is either cleaned or replaced immediately. See
Section 7 (“Sampling Methods’) in Volume I, Part 1, of this handbook.
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Operations Checklist and Maintenance Record
Nitrogen Dioxide Analyzer

Station Name Municipal Incinerator Month/Year September 2000
Station ID Number 001 Technician C. Jones
Instrument Make/Model ACME ONA-2 Serial No. NO,-7723
Reaction
Sample Ozone Chamber PMT Zero Span PMT Chamber Change
Date Flow Flow Temp. Temp. Setting Setting Voltage Pressure Filter
9/4 531 120 49.2 -2.6 002 107 1015 193 NO

Operation Instructions

Daily Checks: Sample and ozone flow rates, data acquisition system power, chart traces,
shelter temperature and voltage, shelter security, surrounding area

Weekly Checks: Filter change, reaction chamber and photomultiplier tube (PMT) temperature,
PMT voltage, reaction chamber pressure, sample introduction system, converter
temperature

Monthly Checks: Electronic zero and span, check desiccant, zero gas and span gas cylinder
pressures

Quarterly Checks: Multipoint calibration, Date of last calibration: 7/3/00

Semiannual Checks: Clean fan/fan filter

Inspect capillary tube
Replace external ozone scrubber

Annual Checks: Inspect internal and external tubing
Biannual Checks: Rebuild or replace pump
Comments

9/4—Excessive span drift (>5%)—checked resistance at test points J1 and J10 on temperature
control board—card found to be defective and was replaced—temp fell within limits with new card

Figure 3.1. Example of an operations checklist and maintenance record.

3.3  Strip Chart Recorder

During each weekly vigt to the monitoring Ste, the fidld operator should use the following list to check
the strip chart recorder for proper operation:

« Ink tracefor vishility
e Ink levd in resarvoir
o Chart paper for supply
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«  Chart speed control setting
« Signd input range switch
« Time synchronization.

Any operationa parameter that is not within tolerance must be corrected immediately.

3.4 Chemiluminescent NOx Analyzer

Specific indructions in the manufacturer's manua should be read thoroughly before attempting to
operate the analyzer. As part of the qudity assurance program, each Site visitation should include a
visud ingpection of the externd operation of the analyzer, the zero and span checks, and a biweekly
precison point check.

3.4.1 Visual Inspection

During the visud ingpection, the field operator should ingpect the externd operating parameters of the
andyzer. The parameters of concern will vary among andlyzers, but in genera they will include the
fallowing:

» Correct setting of flowmeters and pressure regulators

» Cyding of temperature control indicators

« Temperature leve if equipped with a pyrometer

« Vaeificaion that the andyzer isin the sampling mode rather than the zero or the cdibration mode
» Zero and span potentiometers locked and set at proper values.

3.4.2 Zero and Span Checks

Zero and span checks must be used to document within-control conditions. The purposeisto provide
interim checks on the response of the andyzer to known concentrations. If aresponse falls outside of
the acceptance limits, the analyzer is considered out of control, and the cause must be determined and
corrected. A qudity control chart can be used to provide avisud check to determineif the analyzer is
within acceptance limits. A zero check should be conducted at the same time that the span check is
performed.

A Leve 1 zero and span check isa amplified, two-point analyzer cdibration used when andyzer
linearity does not need to be checked or verified. Sometimes when no adjustments are made to the
andyzer, the Levd 1 cdibration may be caled a zero/span check, in which case it must not be confused
with aLeve 2 zero/span check. Because most andyzers have ardiably linear or near-linear output
response with concentration, they can be adequately cdlibrated with only two concentration standards
(two-point cdibration). Although lacking the advantages of the multipoint calibration, the two-point zero
and span calibration—because of its smplicity—should be carried out much more frequently. Also, two-
point caibrations are easily automated. Frequent checks or updating of the calibration relationship with
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atwo-point zero and span calibration improves the qudity of the monitoring data by helping to keep the
cdibration rdationship more closady matched to any changes (drift) in the anayzer response.

A Leve 2 zero and span check isan “unofficid” check of an analyzer’ s response. It may include
dynamic checks made with uncertified test concentrations, artificia stimulation of the andlyzer's
detector, electronic or other types of checks of a portion of the analyzer, etc. Level 2 zero and span
checks are not to be used as a basis for analyzer zero or span adjustments, calibration updates, or
adjustment of ambient data. They are intended as quick, convenient checks to be used between zero
and span calibrations to check for possible andyzer mafunction or cdibration drift. Whenever a
Level 2 zero and span check indicates a possible cdibration problem, aLeve 1 zero and span (or
multipoint) calibration should be carried out before any corrective action is taken.

A system of Level 1 and Leve 2 zero span checks is recommended. These checks must be conducted
in accordance with the specific guidance given in Section 12 (“Ingrument Cdibration and Frequency™)
inVolume I, Part 1, of this handbook. Level 1 zero and span checks must be conducted every two
weeks. Leve 2 checks should be conducted in between the Leve 1 checks at afrequency desired by
the user. Span concentrations for both levels should be between 70 and 90% of the measurement
range. The data should be recorded on the zero span check form, Figure 3.2.

Site ID 001 Pollutant NO,

Location Municipal Incinerator Analyzer ACME Chemiluminizer

Address 3336 Jefferson Avenue Serial Number NO2-7723

Unadjusted zero Span Unadjusted span
gas response concentration gas response
Date Technician (volts) (ppm) (volts)

3-1-00 cCJ. 0.050 0.40 0.855
3-15-00 cCJ. 0.050 0.40 0.850
3-29-00 cCJ. 0.050 0.40 0.860

Figure 3.2. Example of a Level 1 zero and span check data form.
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Zero and span data are to be used to:

« Providedatato adlow andyzer adjusment for zero and span drift
» Provide adecison point on when to cdibrate the andyzer
» Provide adecison point on invalidation of monitoring data.

When the response from a span check is outside the acceptance limits, the cause for the extreme drift
should be determined, and corrective action should be taken. Some of the causes for drift are listed
below:

« Lack of preventive maintenance

» Huctuationsin dectricad power supply

« Huctuationsin flow

« Changein zero air source

« Changein concentration of the NO standard

o Degradation of photomultiplier tube

« Electronic and physica components not within manufacturer's specifications.

Corrective actions for the above can be found in the manufacturer's instruction/operations manud.

3.4.3 Precision Check

For continuous andyzers, a periodic check is used to assess the data for precison. A one-point
precision check must be carried out at least once every 2 weeks on each andyzer at an NO,
concentration between 0.08 and 0.10 ppm. The analyzer must be operated in its normal sampling
mode, and the precision test gas must pass through al filters, scrubbers, conditioners, and other
components used during norma ambient sampling. The NO standards from which precison check test
concentrations are obtained must be traceable to an NIST-SRM. Those standards that are used for
ether cdibration or auditing may be used for the precision check.

3.4.3.1 Precision Check Procedure

1. Connect the andyzer to a precision gas that has a NO, concentration between 0.08 and 0.10 ppm.
A precison gas may be generated by either the GPT or aNO, permestion tube. If aprecison
check is made in conjunction with a zero/span check, it must be made prior to any zero or span
adjusments.

2. Allow the andyzer to sample the precison gasfor at least 5 minutes or until a stable analyzer
responseis obtained.

3. Record this value on the precision check data form (Figure 3.3), and mark the chart as “unadjusted
precision check.” The NO and NOy precision checks should also be made if data are being
reported. Information from the check procedureis used to assess the precision of the monitoring
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data. For information regarding procedures to caculate and report precision, see the EPA guiddine
on the meaning and use of precison and accuracy data (Rhodes 1983).

Calibrator Used  State Agency Standard Used NO cylinder 14782
GPT No. 6 Concentration 50.0 ppm
Verified Against NBS-SRM NO cylinder 2789
By Bill Brown Date 6-18-00
Precision
test gas Analyzer
Precision Station concentration response Difference
check by Date location Analyzer ID (ppm) (ppm) (ppm)
C. Jones 7-11-0 Redbank ACME SN 0.085 0.080 -0.005
0 14782
C. Jones 7-11-0 Downtown ACME SN 0.090 0.085 -0.005
0 14784
C. Jones 7-11-0 Uptown ACME SN 0.080 0.085 0.005
0 14786

Figure 3.3. Example of precision check form.
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TABLE 3-1. DAILY ACTIVITY MATRIX

Characteristic

Acceptance limits

Frequency and method
of measurement

Action if requirements
are not met

Shelter temperature

Sample introduction
system

Data acquisition system

Analyzer operational
settings

Analyzer operational
check

Precision check

Mean temperature
between 22 and 28 °C
(72 and 82 °F), daily
fluctuations not greater
than +2 °C (4 °F)

No moisture, foreign
material, leaks,
obstructions; sample line
connected to manifold

System powered up and
collecting data, data
downloaded on
command or schedule

1. Flow and regulator
indicators at proper
settings

2. Temperature
indicators cycling or
at proper levels

3. Analyzer setin
sample mode

4. Zero and span
controls locked

Zero and span within
acceptance limits as
described in Sec. 12,
Vol. I, Part 1, of this
handbook

Assess precision as
described in the EPA
guideline on the
meaning and use of
precision and accuracy
data

Examine thermograph
chart daily for variations
greater than +2 °C (4 °F)

Weekly visual inspection

Daily visual inspection

Weekly visual inspection

Level 1 zero and span
every 2 weeks; Level 2
between Level 1 checks
at frequency desired by
user

Every 2 weeks, Sec. 3.4.3

1. Mark strip chart for
the affected time
period

2. Repair or adjust
temperature control
system

Clean, repair, or replace
as needed

Adjust or repair as
needed

Adjust or repair as
needed

1. Isolate source of
error and repair

2. After corrective
action, recalibrate
analyzer

Calculate and report
precision
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4.0 Data Reduction, Validation, and Reporting

Quality assurance activities for manua data reduction, vaidation, and reporting are summarized in
Table 4-1 at the end of this section. For additional information, see Section 17 (“Data Review,
Verification, and Vaidation™) in Volume Il, Part 1, of this handbook.

4.1 Data Validation

Monitoring data of poor qudity may be worse than no data. Data validation is one activity of a qudity
assurance program to screen data for possible errors or anomalies. Sections4.1.1 and 4.1.2
recommend two data vaidation checks.

4.1.1 Span Check Drift

Thefirgt level of data vaidation should be to accept or rglect monitoring data based upon routine
periodic analyzer checks. It is recommended that results from the Level 1 span checks discussed in
Section 3.4.2 be used asthe first level of data vadidation for accepting data. This means up to 2 weeks
of monitoring data may be invaidated if the span drift for aLevel 1 span check is grester than or equa
to 25%. For thisreason, it may be desirable to perform Levd 1 checks more often than the minimum
recommended frequency of every 2 weeks.

4.1.2 Edit of Strip Chart

The gtrip chart should be edited to detect Sgns of the monitoring system's mafunctions that result in
traces on the chart that do not represent atmospheric concentrations. When reviewing a strip chart,
typicd indicators of mafunctions to watch for are:

« A draght trace (other than minimum detectable) for severa hours

» Excessve noiseindicated by awide solid trace, or erratic behavior such as spikes that are sharper
than is possible with the norma instrument response time. Noisy outputs may occur when andyzers
are exposed to vibrations.

« A long steady increase or decrease in deflection

« A cydic trace pattern with a definite time period indicating a sendtivity to changes in temperature or
parameters other than NO, concentration

« A trace below the zero basdline that may indicate alarger than norma drop in ambient room
temperature or power line voltage

«  Span drift equa to or greater than 25%.

Void datafor any timeinterva for which a mafunction of the sample introduction system is detected.
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4.2 Data Reduction

To obtain hourly average concentrations from a strip chart record, the following procedure may be
used.

1. Besurethe gtrip chart record for the sampling period has a zero trace at the beginning and end of
the sampling period.

2. Fll intheidentification deta caled for & the top of the hourly average data form.

3. Useadraght edge to draw aline from the zero basdline at the sart of the sampling period to the
zero basdine at the end of the sampling period. This line represents the zero basdine to be used for
the sampling period.

4. Read the zero basdinein percentage of the chart at the midpoint of each hour interval, and record
the value on the data form.

5. Determine the hourly averagesfor the interva of interest between two vertical hour lines by placing
atrangparent sraight edge pardld to the horizonta chart divison lines and by adjusting the straight
edge between the lowest and highest points of the trace in that interval so that the area above the
straight edge and bounded by the trace and the hour linesis estimated to equa the area below the
graight edge and bounded by the trace and hour lines, as shown in Figure 4.1.

5% Area above line
45
. Area belaw line
30 Strzight edoe /\/A/f\
28 ‘ N/ '
W —------ - ------ - - -,
12 Dk 1300 EH i} 1500 1 GO0

Figure 4.1. Technique for determining hourly averages from a strip chart
trace using a straight edge.

Read and record the percentage of chart deflection on the hourly average data form. Repest the
procedure for al the hour intervals sampled that have not been marked invaid. Record dl values on the
hourly average dataform.

6. Subtract the zero basdline vaue from the reading va ue and record the difference on the hourly
averages form.

7. Add the percentage of zero offset, +5, to the difference on the hourly averages form.
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8. Convert the percentage of chart valuesto NO, concentrationsin parts per million usng the most
recent cdibration curve. Record the parts per million NO, vaues on the hourly averages form.

An dternative method for converting percentage of chart to parts per million isto use Equation 4-1 and
thus to eliminate Steps 6, 7, and 8 of the above procedure.

y- Y
dope

(4-1)

where
y = recorder reading in percentage of scale, from Step 5
y, = zero basdlinein percentage of scae, from Step 4
dope = dope of the caibration relationship, as determined in Section 2.3.2

4.2.1 Data Reporting

Transcribe information and data from the hourly averages form into aformet that is appropriate for
input into AIRS AQS. Information about the format is contained in the AIRS user's guide for air quality
data coding (EPA 1995). Updates about the format may be found at the AIRS World Wide Web site
(Wwww.epagov/ttn/airs/).

TABLE 4-1. ACTIVITY MATRIX FOR DATA REDUCTION

Activity

Acceptance limits

Frequency and method
of measurement

Action if requirements
are no met

Span check drift

Review output of data
acquisition system

Data reduction

Data reporting

Level 1 span check
<25%

Check for missing data
due to power losses and
for any unusual baseline
excursions

Stepwise procedure for
data reduction (Sec. 4.2)

Follow AIRS AQS guide
for air quality data coding
(EPA 1995)

Perform Level 1 check at
least every 2 weeks, but
more frequent checks
may be desirable

Every time the data are
downloaded

For each strip chart,
follow the method given
in Sec. 4.2

Perform visual check

Invalidate data; take
corrective action;
increase frequency of
Level 1 checks until data
are acceptable

Flag any suspicious data
for later validation during
data reduction

Review the reduction
procedure

Review the data
transcription procedure
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5.0 Maintenance
51 Preventive Maintenance

Preventive maintenance should prevent down-time and data loss. Management and field operators
should jointly develop their preventive maintenance program. A program designed by persons
unfamiliar with analyzer operations may include unnecessary items or omit mandatory ones. Table 5-1
illudtrates items that monitoring agencies should include in their NO, preventive maintenance program.

TABLE 5-1. EXAMPLE OF A PREVENTIVE
MAINTENANCE SCHEDULE FOR NO, MONITORING

Item Schedule
Replace particle filter and perform QC checks Weekly
Perform Level | zero and span check® Weekly
Perform electronic parameter checks (Level 2 zero and span check) | Weekly
Replace ozone generator desiccant Monthly
Perform multipoint calibration Quarterly
Replace external ozone scrubber Semiannually
Clean fan/fan filter Semiannually
Inspect capillary tubes Semiannually
Inspect internal, external tubing; replace if necessary Annually
Replace photomultiplier tube (PMT) As needed
Rebuild or replace pump Every 2 years

2 Weekly Level | zero and span checks should be performed only if nightly automated
Level | zero and span checks are not performed.

In addition to a schedule, the preventive maintenance plan should aso include more detailed task
descriptions, such asthoseillustrated below:

o Because the andyzer pneumatic system requires so much preventive mantenance, the tubing,
solenoids, and pump should be inspected regularly. Cracked tubing or loose fittings can cause the
insrument to analyze room air rather than ambient air and lead to the invaidation of data. A faulty
pump or rotometer can dso cause problems with pneumatic systems. When variationsin the
rotometer reading force the operator to adjust the rotometer setting frequently, the pump isfailing
and should be either repaired or replaced.

»  Check the indrument for vibration. When pumps get old, they sometimes will vibrate more than is
normdl. If this occurs, it can cause cracksif the internd tubing is touching another surface.
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« Always operate the NOy andyzer with a permeation dryer. Water vapor can interfere and cause
mafunctions as well. Some andyzers come equipped with permesetion dryersingtdled and these do
not need servicing. Older modd s usudly require a canister filled with desiccant that should be
changed often. Mot desi ccants change color, which indicates thet it is no longer ableto dry the air
effectively. It is recommended that two clear canisters be used so the outermost canister can be
changed without dlowing moigt ar to enter into the andyzer. The two-canister setup can dso bea
safeguard againgt possible breakthrough if one canister legks. If the operator suspects that the
permestion dryer is overloaded or not operating correctly, check the analyzer with Leve | span
gas. If it responds dowly and does not reach its normal response, the cause may be the permeation
dryer.

« Fitting the exhaugt port of the ingrument with an ozone scrubber is recommended. The ozone
generator within the instrument produces ozone concentrations of 1-3 ppm. Mot of this ozone
does not react with the NO in the reaction chamber and is vented out the exhaust port. To avoid
exposing operators to high levels of ozone, it is highly recommended that a scrubber be fitted on the
exhaust port of thisinstrument. If acharcod canigter isfitted on the exhaust port, it should be
recognized that ozone will react with al of the charcod and breakthrough will eventualy occur.
Replacing the canister or its contents at least every 6 monthsis recommended.

Conault the andyzer operations manua for complete details on operation and maintenance.

5.2 Corrective Maintenance

Corrective maintenance is defined as nonscheduled maintenance activities that become necessary
because of system mdfunctions. A few examples of corrective maintenance are: replacing a damaged
pump digphragm, cleaning a clogged sample line, and replacing a NO, converter. The need for
corrective maintenance becomes apparent as the operator performs the operations described in
Section 3.0. When corrective maintenance is needed, the operator should refer to the andyzer
operations manual for trouble-shooting procedures. A detailed maintenance record of corrective
activities should be kept on file for each andyzer a the Ste to identify recurring mafunctions. An
example operations checklist and maintenance record appearsin Figure 3.1,
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6.0 Auditing Procedure

An audit is an independent assessment of data accuracy. Independence is achieved by having the audit
done by a different operator than the one conducting the routine field measurements and by using audit
standards and equipment different from those used in routine monitoring. The audit should be atrue
assessment of the measurement process under normal operations without any specia preparation or
adjustment of the system. Routine quality control checks (such as zero and span checksin

Section 2.3.3) conducted by the operator are necessary for obtaining and reporting good quality data,
but they are not considered part of the auditing procedure. For additiond information, see Section 15
(“Assessment and Corrective Action”) in Volume 1, Part 1, of this handbook.

Three different types of audits are recommended: a performance audit, a data reduction audit, and a
systems audit. Performance audits are described in Section 6.1 and data reduction audits are described
in Sections 6.2 and 6.3, respectively. These audits are summarized in Table 6.1 a the end of this
section.

Proper implementation of an auditing program will serve atwofold purpose: (1) to ensure the integrity
of the dataand (2) to assess the data for accuracy. The technique for estimating the accuracy of the
datais given in the EPA guideine on the meaning and use of precision and accuracy data (Rhodes
1983).

6.1 Performance Audit

A performance audit consists of chalenging the chemiluminescent NOy andyzer with audit gas mixtures
containing known concentrations of NO, within the measurement range of the andyzer. The difference
between the known concentration and the andyzer response is obtained, and an estimate of the
andyzer's accuracy is determined.

6.1.1 Equipment

Personnel, equipment, and NO standards used in conducting audits must be independent from those
normally used in cdibrations and in span checks.

Audit gas mixtures containing known concentrations of NO, can be generated by the GPT of NO with
O; to produce NO, or by the use of an NO, permeetion tube and a dynamic dilution sysem. The NO
and NOy channels should be audited by dilution of the NO standard with zero air. All audit Sandards
must be traceable to NIST-SRMs as described in the EPA traceability protocol. All flow rates should
be measured using a cdibrated piston or soap bubble flowmeter or an equivaently accurate flowmeter.

Procedures used to generate NO, NOy, and NO, concentrations, although not identical, are somewhat
smilar to the procedures described in Section 2.3.2. If, during a performance audit, the differences
recorded for most andyzers are either negatively or positively biased, a check of the cdibrator used in
routine calibrations of the andyzers may be advisable.
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6.1.2 Audit Schedule

The recommended audit schedule depends upon the purpose for which the monitoring data are being
collected. For example, EPA's quality assurance requirements for state and loca air monitoring stations
(SLAMYS) specify that each SLAMS andyzer be audited at least once per year (EPA 1994b). Each
agency must audit 25% of the reference or equivaent andyzers each quarter. If an agency operates less
than four reference or equivaent anayzers, it must randomly sdlect andyzers for reauditing so that one
andyzer will be audited each calendar quarter and each andyzer will be audited at least once ayear.

EPA's qudity assurance requirements for prevention of significant deterioration (PSD) air monitoring
(EPA 19948a) specify that each PSD reference or equivalent analyzer be audited at least once a
sampling quarter. Results of these audits are used to estimate the accuracy of ambient air data.

6.1.3 Audit Procedures for NO, NO,, and NO,

Audits should be conducted by chalenging the andlyzer with at least one audit gas mixture of known
concentration from each of the following ranges within the measurement range of the andyzer being
audited:

Audit Point Concentration Range, ppm NO,

1 0.03t0 0.08
2 0.15t00.20
3 0.35t00.45
4 0.80t0 0.90

The differences in concentrations (parts per million) between the audit vaues and the measured andlyzer
responses are used to calculate accuracy, as described in the EPA guiddine on the meaning and use of
precison and accuracy data.

Information on the station, anayzer, audit device, audit standards, and audit proceduresis of prime
importance because the vdidity of audit results depends on accurate documentation. The following
procedures and audit report forms (Figures 6.1, 6.2, 6.2a, and 6.3) have been developed to aid in
conducting the audit.

6.1.3.1 Procedure for an NO Audit

1. Record the station name, address, analyzer manufacturer, model, and seria number on the audit
summary report.

2. ldentify the person(s) performing the audit and the date that the audit is performed.

3. Record the type of audit device used. If the audit device was purchased, record the manufacturer's
name, mode, and serid number. If the audit device was assembled by the
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1. Station Red Bank Analyzer ACME
Red Bank Road NO/NO,/NO,
Millsville, Ohio SN 14782
Audit performed by Bill Brown Date 5-15-00
Audit device used State Agency
GPT No. 6
4. NO standard used Cylinder 14782 Concentration 50.0 ppm
Verified against SRM # 1683b (50 ppm)
NBS-SRM
By Bill Brown Date 5-4-00

5. Flow measured with Acme Bubble Meter

6. Analyzer response to zero air NO zero=  0.050 volts
NO, zero = 0.050 volts
NO, zero = 0.050 volts

AUDIT SUMMARY
Analyzer Analyzer Percent
Analyzer Audit value response response difference
channel (ppm) (volts) (ppm) (Equation 4)
NO 0.000 0.050 0.000 —
0.450 0.960 0.455 +1.1
0.200 0.455 0.203 +1.5
0.050 0.150 0.050 0.0
NO, 0.000 0.050 0.000 —
0.361 0.800 0.375 +3.9
0.178 0.422 0.186 +4.5
0.047 0.148 0.049 +4.3
NOy 0.000 0.050 0.000 —
0.450 0.985 0.460 +2.2
0.200 0.472 0.208 +3.8
0.050 0.158 0.053 +6.2

Figure 6.1. Example of an audit summary form.
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Zero air: [NOk =
[NOJ, =

Audit point: [NO =
[NOJ, =

0.050 volts, 0.000 ppm (see Equation 1, Figure 6.2a)

0.000 ppm

0.960 volts, 0.455 ppm (see Equation 1, Figure 6-2a)

0.450 ppm (Equation 3 above)

Flow measurements

t
(min)

t

(min)

Vv
(cm?)

F; (cm®min)
(Equation 2)

Total flow (F;)

NO flow (Fyo)

Audit point:

0.250
0.240
0.260

0.276
0.279
0.279

0.250

0.278

[NOJg = 0.455 volts, 0.203 ppm (Equation 1, Figure 6-2a)
[NO], =0.200 ppm (Equation 3, Figure 6-2a)

1,000

10

4,000

36.0

Flow measurements

t
(min)

t

(min)

(cm?)

Fr (cm®min)
(Equation 2)

Total flow (Fy)

NO flow (Fyo)

0.260
0.250
0.240

0.625
0.624
0.626

Audit point:

[NO]J, = 0.050 ppm (Equation 3)

0.250

0.625

[NO]Jg = 0.150 volts, 0.5 ppm (Equation 1)

1,000

10

4,000

16.0

Flow measurements

t
(min)

(min)

(cm?)

F; (cm®min)
(Equation 2)

Total flow (Fy)

NO flow (Fyo)

Slope (b)
Intercept (a)
Correlation coefficient (r)

0.250
0.250
0.250

2.510
2.500
2.490

NO audit calibration equation (y =b x + a)

= 2.0235

= 4.964

= 1.000

0.250

2.500

NO audit concentration (x) vs. analyzer response in volts (y)

1,000

10

4,000

4.0

Figure 6.2. Example of an NO audit calculation form (front side).
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Equation 1
y-a

ppm= ——

Equation 2
FT =

orFRo =

avg avg

Equation 3
[NO] - [NO]STD X FNO
A —FT

Equation 4
[NO]g - [NOJa
[NO]a

% difference = x100

For NO,, substitute [NO,]; and [NO],
For NOy, substitute [NOy]; and [NOy],

Equation 5
[NO,J4 = [NOlorig - [NOlrem

[NOJsrp =
[NOJ, =
[NOJs =

[NOls =

[NOloric =

[NOJgem =

analyzer response, volts

slope of the calibration line

= intercept of the calibration line

total flow rate, cm®min
flow rate of NOgp, cm*min

volume measured with soap bubble
flowmeter

= average time in minutes

concentration of NO standard used, ppm
NO audit concentration, ppm
analyzer NO response, ppm

NO, audit concentration after titration of NO
with O5, ppm

NO concentration before titration of NO with
Os, ppm

NO concentration remaining after titration
with O5, ppm

Page 5 of 12

Equation 6
_hLthtig
tavg - 3
Figure 6.2a. Example of an NO audit calculation form (back side).
1 2 3 4
[NO1, X
Audit [NOloric” [NOJgenm” (Equation 5) [NO,g
point volts ppm volts ppm ppm volts ppm
1 0.990 0.465 0.260 0.104 0.361 0.800 0.375
2 0.610 0.277 0.250 0.099 0.178 0.422 0.186
3 0.350 0.148 0.255 0.101 0.047 0.148 0.049
a Calculated from NO audit calibration equation.
b Calculated from NO, station calibration equation.

Figure 6.3. Example of an NO, audit calculation form.
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user, assign it an identification number so that audits can be referenced to that particular gpparatus.

4. ldentify the NO standard and the NIST-SRM to which the standard is tracegble. Reanalyze the
NO standard every 2 years, following the EPA traceability protocol.

5. ldentify the device used to measure the flow rates.

6. Attach the gppropriate pressure regulator to the NO standard, and carefully flush the pressure
regulator.

7. Connect the outlet of the pressure regulator to the GPT cdibration system using 1/8-in. Teflor®
tubing of minimum length.

8. Adjus theflow ratesin the GPT system according to the relaionships in Equations 6-1, 6-2, and
6-3:

Pg = [NOJgc X tg $2.75 ppm-min (6-1)
Fyo
where [NOLe = NOlgpp, £ ———— (6-2)
F‘No
Vee > i
e R 3 min -
and ' Fo t Fyo (6-3)

P = dynamic parameter specification, determined empiricdly, to ensure complete
reaction of the available O;, ppm-min
[NOJgc = NO concentration in the reaction chamber, ppm
tr = resdencetimein the reaction chamber, min
[NOJsrp = concentration of the NO standard, ppm

Fvo= NO flow rate, standard cm®min
Fo= O, generator flow rate, standard cm?/min

Vge = Vvolume of the reaction chamber, o

The flow conditions to be used are sdlected according to the following sequence:

a. Deermine F;, thetotd flow rate required at the output manifold
(Fy = andlyzer(s) demand plus 10 to 50% excess).

b. Determine Fyo, the flow rate of NO required to generate the lowest NO concentration
required a the output manifold during the GPT (approximately 0.15 ppm).

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere



2.3.6.0 Auditing Procedure February 2002 Page 7 of 12

10.

11.

12.

13.

0.15 x Fy,

= — (6-4)

® NOJp

c. Measure Vg, the systlem's reaction chamber volume; this must be in the range of
approximately 100 to 500 cn.

d. Compute Fy, the ozone generator flow rate, usng Equation 6-5.

F = [NOlgpp, x Fyyo = Vpe 7
o 2.75 o
e. Compute tg, the reaction chamber residence time, usng Equation 6-3; verify that t; # 2
min.
f. Compute Fp, the diluent ar flow rate, using Equation 6-6.
Fo = Fr - Fo - Fno (6-6)

Adjust Fy, to the vaue determined above. F, should not be further adjusted during the
NO-NOy or NO, audit procedures, only Fyo (or Fp) and the O; generator settings are
adjusted during the course of the audit.

Connect the andlyzer sample line to the glass manifold of the audit device. The audit gas mixture
must pass through al filters, scrubbers, conditioners, and other components used during normd
ambient sampling and as much of the sample introduction system asiis practica.

Allow the andlyzer to sample zero air until stable responses are obtained. Record the anayzer zero
vauesfor dl channels audited in the gppropriate spaces of the audit form, Figure 6.1.

Generate the firgt audit gas mixture by adding the NO standard gas to the zero air, making sure the
concentration iswithin one of the required concentration ranges.

After a stable analyzer response is obtained, record the analyzer NO response, [NOJg, on the NO
caculation form, Figure 6.2. Cdculate the [NOJy in parts per million usng Equation 1 of
Figure 6.2a, where b and a are the dope and intercept of the andyzer's cdibration line,

respectively.

Attach the piston or soap bubble flowmeter to the audit device outlet line, and determine the total
flow rate (F;). Do not adjust the audit device settings. Record the value in Figure 6.2 and calculate
thetotd flow rate usng Equation 2 of Figure 6.2a.

Quality Assurance Handbook, Vol. Il, Part I 2.3-NO, In The Atmosphere
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14.

15.

16.

17.

18.

19.

Disconnect the NO flow line at the audit device reaction chamber. Connect the piston or soap
bubble flowmeter to the line; determine the NO flow rate (Fyo) using Equation 2; and record the
vaue on the caculation form.

Calculate the NO audit concentration [NOJ, for the firgt audit gas mixture usng Equation 3 of
Figure 6.2a, and record the results.

Repeat Steps 11 through 15 for the remaining audit gas mixtures. A minimum of three audit gas
mixtures is recommended.

Transfer the NO audit concentrations and the andyzer NO responses to the summary form,
Figure 6.1.

Cdlculate the percentage difference for each audit point using Equation 4 of Figure 6.2a, and
record each vaue on Figure 6.1.

Prepare an audit calibration equation for the NO channel by using least squares regression. Include
the zero air point. (The audit concentration is the x-variable; the andyzer responseisthe
y-variable)) The NO cdibration curve will be used to determine the actua audit concentrations
during the generation of the NO, audit gas mixtures. Record the dope, intercept, and correlation
coefficient of the audit caibration equation on the caculation form.

6.1.3.2 Procedure for NO, Audit Using Gas-Phase Titration (GPT)

1

Generate an audit gas mixture containing an NO concentration that is approximately 0.08 to 0.12
ppm higher than the NO, audit concentration required. Allow the andyzer to sample this audit gas
mixture until a stable andyzer response is obtained. Determine the NO concentration, [NOJogic,
from the NO audit cdibration relationship. Record this vaue for the firgt audit gas mixturein
Column 1 of the NO, cdculation form, Figure 6.3.

Add O to reduce the NO concentration by an amount equivaent to the NO, audit concentration
required. After the analyzer response stabilizes, determine the NO concentration remaining,
[NOJgem, from the NO audit cdibration relationship. Record this vaue for the first gas mixture in
Column 2 of the cadlculation form, Figure 6.3.

Calculate the NO, audit concentration, [NO,] 5, using Equation 5 of Figure 6.2a and record the
vaue in Column 3 of the calculation form, Figure 6.3.

Record the andyzer NO, response, [NO,], in Column 4.

Repesat Steps 1 through 4 for the remaining audit gas mixtures.
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6. Transfer the NO, audit concentrations and the analyzer NO, responses to the summary form,
Figure 6.1.

7. Determine the percentage difference for each point, usng Equation 4 of Figure 6.2a
6.1.3.3 Procedure for NO, Audit

The NOy channel may be audited by the same method used to audit the NO channel and by
determining converter efficiency usng data from the NOy and NO, audit.

Use Figure 6.1 to report the audit concentration, the analyzer response, and the percentage difference.
Record the information on Figures 6.1, 6.2, and 6.3. Mark the strip chart record with the following
information:

e Person conducting the audit

« Timeand date of audit

«  Concentrations of the audit gas mixtures

«  The stable andyzer response for each audit gas mixture.

6.1.4 Interpretation of Audit Results

Results of the audit will be used to estimate the accuracy of the ambient air quaity data. Caculation of
accuracy is described in the EPA guideline on the meaning and use of precision and accuracy data

6.2 Data Reduction Audit

Datareduction involves reading a strip chart record, caculaing an average, and transcribing or
recording the results on the AIRS data form. This independent check of the entire data reduction should
be performed by an individud other than the one who originaly reduced the data. Initidly the data
processing check should be performed 1 day out of every 2 weeks of data. For two |-hour periods
within each day audited, make independent readings of the strip chart record and continue tracing the
data reduction steps through the actud transcription of the data on the AIRS data form. The 2 hours
that are sdlected during each day that is audited should be those for which ether the andyzer response
ismost dynamic in terms of pikes or the average concentration is high.

The data processing check is made by caculating the accuracy:

A= [NOZ]R - [NOZ]CHECK
where
A = thedifference in measured and check vaues

[NO,]r = therecorded anayzer response, ppm
[NO,]check = the data processing NO, concentration, ppm.
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If A exceeds +0.02 ppm, check dl of the remaining datain the 2-week period.
6.3 Systems Audit

A systems audit is an on-gite inspection and review of the quality assurance activities used for the totd
measurement system (sample collection, sample andysis, data processing, etc.); it isaquaitative
gopraisd of system quality. See Section 15 (“Assessment and Corrective Action”) in Volume ll, Part 1,
of this handbook.

Conduct the systems audit at the startup of a new monitoring system and periodically (as gppropriate)
as dgnificant changes in system operations occur.

A checkligt for asystems audit is Figure 6.4. Questions in this checklist should be reviewed for
applicability to the particular local, State, or federal agency.
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SYSTEMS AUDIT CHECKLIST

Station Analyzer
Audit performed by: Date
Yes No

1. Zero, span, and precision checks performed weekly or
biweekly

Voltage and temperature variations monitored

Flowmeters routinely calibrated to +2% accuracy against a
reliable standard such as a soap bubble flowmeter or wet test
meter

Flowrates monitored routinely

Excessive noise minimized

Data processing checks performed

N o o &

Multipoint calibrations performed routinely and a record of
these calibrations maintained

Quiality control charts maintained for zero and span checks

Maintenance routinely performed on pertinent components as
per manufacturer's manual

10. Calibration gases traceable to NIST via EPA traceability
protocol, certification not expired

11. Sample introduction system check made weekly

12. Particulate filter (if used) changed frequently

13. Recording system checked and serviced before each
sampling period

14. Recorded data checked for signs of system malfunctions

15. Data quality records maintained—completeness, accuracy,
precision, and representativeness

Figure 6.4. Checklist for use by auditor (measurement of continuous NO, in ambient air).
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TABLE 6-1. ACTIVITY MATRIX FOR AUDIT PROCEDURE

Activity

Acceptance limits

Frequency and method of
measurement

Action if requirements
are not met

Performance audit

Data reduction audit

Systems audit

The difference in concen-
trations between the
measured values and the
audit values is used as a
measure of accuracy

Adhere to stepwise
procedure for data
reduction, Sec. 4.0; no
difference exceeding
+0.02 ppm

Method as described in
this section of this
handbook

At least once per quarter;
Sec. 6.1.3 for procedure

Perform independent data
processing check on a
sample of the recorded
data e.g., check data 1 day
out of every 2 weeks,

2 hours for each day

At the startup of a new
monitoring system, and
periodically as
appropriate; observation
and checklist (Figure 6.4)

Recalibrate the analyzer

Check all remaining data if
one or more data

reduction checks, exceed
+0.02 ppm

Initiate improved methods
and/or training programs
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7.0 Assessment of Monitoring Data for Precision and Accuracy

For continuous analyzers, perform a check every 2 weeks to assess data precison. Use these data to
edimate single instrument precision as described in the EPA guiddine on the meaning and use of
precision and accuracy data. The precision check procedures described in Section 3.0 are consistent
with those given in EPA qudlity assurance requirements for SLAMS and EPA quadity assurance
requirements for PSD ar monitoring.

Egtimates of sngle instrument accuracy for ambient air quaity measurements from continuous methods
are caculated according to the procedure in the EPA guiddine. The performance of the audit is
described in Section 6.0.
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8.0 Recommended Standards for Establishing Traceability

To assure data of desired quality, two considerations are essentiad: (1) the measurement process must
be in atigtica contral at the time of the measurement, and (2) the systemtic errors, when combined
with the random variation in the measurement process, must result in a suitably smal uncertainty.

Evidence of good qudity data includes documentation of the quaity control checks and the independent
audits of the measurement process by recording data on specific forms or on a qudity control chart and
by usng materids, instruments, and measurement procedures that can be traced to appropriate
standards of reference. To establish traceability, data must be obtained routinely by repesated
measurements of standard reference samples (primary, secondary, and/or working standards), and a
condition of process control must be established. More specificaly. working cdibration standards
should be traceable to standards of higher accuracy, such asthose listed in Table 8-1 (NIST 1998).

TABLE 8-1. NIST-SRMs AVAILABLE FOR TRACEABILITY OF CALIBRATION

AND AUDIT GAS STANDARDS
Size, Nominal concentration

NIST-SRM No. Type liters at STP (ppm)
1683b Nitric oxide in 870 50

N,
1684b Nitric oxide in 870 100

N,
1685b Nitric oxide in 870 250

N,
2627a Nitric oxide in 870 5

N,
2628a Nitric oxide in 870 10

N,
2629a Nitric oxide in 870 20

N,
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